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INSULATED GATE BIPOLAR TRANSISTOR
WITH LATCH-UP PROTECTION

FIELD OF THE INVENTION

The present mnvention concerns an insulated gate bipolar
transistor (IGBT), and more particularly a means for pro-
tecting the msulated gate bipolar transistor from a latch-up
that may cause destruction of the bipolar transistor due to a
short circuit between the source region and the base layer.

BACKGROUND OF THE INVENTION

Referring to FIG. 1, a conventional IGBT comprises a
p* T -type emitter layer 1, an n™-type buffer layer 2, an n™-type
base layer 3, a p-type base region 4, an n*-type source region
5, an 1nsulating layer 6, a gate electrode 7, a cathode
electrode 8, and an anode electrode 9. The conventional
IGBT has both a hole current 10 and an electron current 11
flowing though it.

The p-type base region 4 1s embedded 1n an upper region
of the n™-type base layer 3, and the n™-type source region 5
1s further embedded 1n the p-type base region 4. The gate
clectrode 7 1s formed over the n™-type base layer 3, and 1s
wholly enclosed by the insulating layer 6. The p-type base
region 4 and the n™-type source region § are electrically
connected to the cathode electrode 8. The n™-type buffer
layer 2 1s formed on the lower side of the n™-type base layer
3. In addition, the p™ -type emitter layer 1, electrically
connected with the anode electrode 9, 1s formed on the lower
side of the buffer layer 2. In operation, the hole current 10
flows from the anode electrode 9 to the cathode electrode 8,
and the electron current 11 flows 1n a reverse direction.

The equivalent circuit of FIG. 1 1s shown 1n FIG. 2. This
equivalent circuit includes the gate electrode 7, the cathode
electrode 8, the anode electrode 9, an NMOS transistor 12,
an NPN transistor 13, a PNP transistor 14, first through third
nodes 15-17, and a resistor R,..

The NMOS transistor 12 1s connected in parallel with the
NPN transistor 13. The NMOS transistor 12 has 1ts current
path connected between the first and second nodes 15 and
16, and 1ts gate connected to the gate electrode 7. The NPN
transistor 13 has 1ts emitter connected to the first node 135, 1its
collector connected to the second node 16, and its gate
connected to the third node 17. The PNP transistor 14 has its
collector connected to the third node, its emitter connected
to the cathode electrode 8, and 1ts base connected to the
second node 16. The resistor R, 1s connected between the
third node 17 and the cathode electrode 8. In addition, the
first node 15 1s connected to the cathode electrode 8.

In the conventional IGBT described above, latch-up 1s
caused by the hole current 10 flowing 1n the lower part of the
n*-type source region § and 1ts resistance R,. More
specifically, the hole current 10 and resistance R, increase
the voltage between the p/n junction on the right side of the
n*-type source region 5. Hence, a charge transfer 1njection
occurs 1n the p/n junction so that the electrons flow from the
n*-type source region 5 to the n™-type base layer 3 without
passing the channel below the gate electrode 7. This causes
latch-up since the current 1s not cut off from the device even
when a negative voltage 1s applied to the gate electrode 7.

The latch-up determines the maximum current allowable
for the device, and the time that the device can endure a short
circuit. The short circuit causes high voltage and high
current to be applied to the device, rapidly increasing its
temperature. This in turn lowers the voltage required to
initiate the charge transfer injection i1n the p/n junction
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between the p-type base region 4 and the n™-type source
region 5. As a result of this, current cannot be prevented
from flowing into the device if the operation of the protec-
tion circuit 1s delayed, and the device can be destroyed.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an IGBT
device with latch-up protection.

According to an embodiment of the present invention, an
insulated gate bipolar transistor 1s provided, comprising a
plurality of base layers of a first conductive type with upper
and lower sides, a plurality of base regions of a second
conductive type selectively embedded 1n the upper side of
the base layer, a plurality of source regions of the first
conductive type selectively embedded in the a plurality of
base regions, a gate electrode formed over the base layer and
the a plurality of base regions, an insulating layer formed
between the gate electrode and both the base layer and the
plurality of base regions, and a first main electrode con-
nected to the source region and to the plurality of base
regions.

The gate electrode 1s preferably formed either into an
clongated curved line with concave and convex parts, or an
clongated curved strip with concave, convex, and rectilinear
parts.

Each of the plurality of source regions preferably com-
prises a primary source region and plurality of projections.

The plurality of primary source regions are preferably
formed on both sides of the gate electrode such that an
intermediate area 1s formed adjacent to the source regions in
cach of the plurality of base regions and under the gate
clectrode, and each of the plurality of projections extends
from outside of the convex parts of the gate electrode to fill
the 1ntermediate region.

The first main electrode preferably contacts the plurality
of projections of the source region at areas adjacent the
convex parts of the gate electrode, and contacts the inter-
mediate region 1n the plurality of base regions at all other
points, thereby preventing latch-up.

The 1nsulated gate bipolar transistor may further comprise
an emitter layer of the second conductive type formed below
the lower side of the base layer, and a second main electrode
formed to contact the emitter layer.

The 1nsulated gate bipolar transistor may further comprise
a buffer layer of a first conductive type formed between the
base layer and the emitter layer.

The primary source regions preferably acts to disperse a
hole current flowing 1n the lower part of the source regions
due to the curvature of the source regions, thereby prevent-
ing latch-up. The primary source regions also preferably
serves as the emitter ballast to prevent latch-up. The emitter
ballast increases the potential of the source regions as the
hole current increases 1n the lower part of the primary source
regions, thereby preventing latch-up.

The present 1nvention will now described more specifi-
cally with reference to the drawings attached only by way of
examples.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a cross sectional view for 1illustrating the
structure of a conventional IGBT;

FIG. 2 1s an equivalent circuit of FIG. 1;

FIGS. 3 to 5 illustrate the hole current flow of an IGBT
viewed 1n plane according to the junction curvature of the
base region;
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FIG. 6 1s a cross sectional view for 1illustrating the
structure of an IGBT with latch-up protection according to
a preferred embodiment of the present invention,;

FIG. 7 1s an equivalent circuit of FIG. 6;

FIG. 8 1s a plane view for illustrating the structure of an
IGBT with latch-up protection according to a preferred
embodiment of the present invention;

FIG. 9 1s a cross-sectional view taken along line IX-IX'
of FIG. 8; and

FIG. 10 1s a cross-sectional view taken along line X—X' of
FIG. 8.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 3 1llustrates the structure of an IGBT device obtained
by rotating the device about a central axis 16 of a gate
clectrode 26a, where a p-type base region 22a has the form
of a horizontally sectioned tire with an internal ring-shaped
cathode contact electrode (not shown). In this case, the hole
current 184 flowing from the anode electrode (not shown)
below an n -type base layer 20 to the cathode contact
clectrode 1s dispersed radially, so that the current density 1s
reduced 1n the lower part of an n™-type source region 24a to
inhibit latch-up. In other words, viewing the device 1n a
plane, the well junction 19a between the n-type base layer
20 and the p-type base region 22a 1s formed to be concave
so as to diverge the hole current 184, thus preventing
latch-up.

In contrast, FIG. 5 1llustrates the structure of an IGBT
obtained by rotating the device about a central axis 17 of the
p-type base region 22¢, where the p-type base region 22c¢ 1s
formed 1nto a bowl type with the cathode contact electrode
(not shown) of a small ball type positioned in the center of
the p-type base region 22¢. The gate electrode 26c¢ 1s shaped
like a ring enclosing the p-type base region 22c.

In this case, the hole current 18¢ flowing from the anode
electrode (not shown) below the n™-type base layer 20 is
converged to the cathode electrode to increase the current
density in the lower part of the n™-type source region 24c,
thus causing latch-up. In other words, viewing the device in
plane, the well junction 19¢ between the n™-type base layer
20 and the p-type base region 22¢ 1s formed to be convex so
as to converge the hole current 18c¢, thus 1nitiating latch-up.

While latch-up 1s generally undesirable, the design shown
in FIG. § prevents the weak point of the latch-up by being
far off the contact plug between the source region and the
cathode contact so as to increase the resistance from an
emitter-ballast contact.

FIG. 4 1llustrates the structure of an IGBT which com-
prises a rectilinearly elongated gate electrode 26b with the
p-type base regions 225 formed lengthwise below both sides
of the gate electrode 26b5. Viewing the device 1n a plane, the
well junction 195 between the n™-type base layer 20 and the
p-type base regions 22b 1s rectilinear, providing intermediate
characteristics as compared with the concave and convex
well junctions 19a and 19¢. Of course, the n*-type source
region 24b 1s also formed to be elongated 1n the p-type base
region 22b.

Accordingly, 1t 1s preferable for an IGBT device to
properly have a concave well junction 194 1n order to
prevent latch-up.

Referring to FIG. 6, an IGBT 1s provided 1n accordance
with a preferred embodiment of the present invention. The
IGBT has latch-up protection and includes a p™*-type emit-
ter layer 100, an n™-type buffer layer 101, an n™-type base
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layer 102, p-type base regions 104, n™-type source regions
105, an insulating layer 106, a gate electrode 107, a cathode
clectrode 108, and an anode electrode 109. The p-type base
regions 104 are selectively embedded 1n the surface region
of the n™-type base layer 102 adjacent to the upper side. The
n*-type source regions 105 are selectively embedded 1n the
surface regions of the p-type base regions 104 adjacent to the
first upper side. The gate electrode 107 1s formed over the
exposed surface parts of the n™-type base layer 102 and the
p-type base regions 104 with the isulating layer 106
between them. The 1nsulating layer 106 completely encloses
the gate electrode 107, which partly overlaps the p-type base
regions 104. The insulating layer also covers parts of the
n*-type source regions 105. The cathode electrode 108 1is
formed to contact the n™-type source regions 105 or the
p-type base regions 104. The p™*-type emitter layer 100 1s
formed on the lower side of the n™-type base layer 102,
contacting the anode electrode 110. Arranged between the
p* T -type emitter layer 100 and the n™-type base layer 102 1s

an n"-type buffer layer 101.

In such a structure, latch-up 1s generated as the potential
difference of the p/n junction increases in the edge portion
of the n™-type source region 105 near the gate electrode 107.
In this case, latch-up may be 1nhibited by increasing the
potential of the n™-type source region 105 to reduce the
potenfial difference when the potential of the p-type base
region 104 1s raised with an increase of the hole current
103a. Reference numeral 1035 mdicates the electron cur-
rent. To this end, the IGBT 1s structured to make the n™-type
source region 105 connected through an emitter ballast
resistance Re to the cathode electrode 108.

FIG. 7 1s an equivalent circuit to FIG. 6. In particular, with
reference to FIG. 7, the 10 IGBT includes the gate electrode
107, the cathode electrode 108, the anode electrode 109, an
NMOS transistor 112, two bipolar transistors 113 and 114,
first through third nodes 115-116, a first resistor R,, and an
emitter balance resistor R .

The current path of the NMOS transistor 112 1s connected
in parallel with the NPN transistor 113. The NMOS ftran-
sistor has 1ts current path connected between the first and
second nodes 115 and 116, and its gate connected to the gate
electrode 107. The base of the NPN transistor 113 has 1ts
emitter connected to the first node 1185, 1its collector con-
nected to the second node 116, and 1ts base connected to the
third node 117. The PNP transistor 114 has its emitter
connected to the anode electrode 109, its collector connected
to the third node 117, and 1ts base connected to the second
node 116. The first resistor R, 1s connected between he
cathode electrode 108 and the third node 117. The emitter

ballast resistor Re 1s connected between the cathode 108 and
a first node 1185.

The value of the emitter ballast resistor R _ 1s chosen to be
high enough to prevent latch-up as the n™-type source region
105 1s spaced apart from the position where the cathode
clectrode 108 contacts the p-type base region 104.

Where the well junction 1s formed to be rectilinear or
convex as shown i FIGS. 4 and 5, a cathode contact
clectrode 110 used to contact the n™-type source region 105
with the cathode electrode 108 1s spaced apart from the
n"-type source region 105 to prevent latch-up. In this case,
the emitter ballast resistor R, 1s employed to prevent the
latch-up.

However, where the well junction 1s formed to be concave
as shown 1in FIG. 3, the cathode contact electrode 110
contacts the n™-type source region 105. In this case, since the
well junction 1s formed to be concave, the hole current 1s
dispersed and latch-up 1s prevented.
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FIG. 8 1s a plane view for illustrating the structure of an
IGBT with latch-up protection according to a preferred
embodiment of the present invention. As shown in FIG. 8,
the gate electrode 107 1s formed into an elongated curved
strip 1in the semiconductor substrate with concave and con-
vex parts. Although FIG. 8 shows a completely curved strip,
the gate electrode 107 may include rectilinear parts formed
between the concave and convex parts.

An n”-type source region 1035 is arranged along both sides
of the gate electrode 107. The n™-type source region 105
includes a primary n™-type source region 105a and a plu-
rality of n™-type source projections 105b. The primary
n"-type source region 1054 is formed with a small width and
parallels the gate electrode 107. The n*-type source projec-
tions 105b cach extend from the concave parts of one side
of the gate electrode 107. The cathode contact electrode 110
1s provided along one side of the n™-type source region 1054
with a space between the two. The cathode contact electrode
110 1s periodically overlapped by the n™-type source pro-
jections 105b.

Thus, at the convex parts of the gate electrode 107, 1.¢.,
the concave well junction, where the hole current 1is
dispersed, the n™-type source projections 1055 are provided
to directly contact the cathode contact electrode 110.
However, at the concave parts of the gate electrode 107, 1.e.,
the convex well junction, where the hole current converges,
the n*-type source region 1054 1s made to not directly
contact the cathode contact electrode 110. Instead, the
emitter ballast resistor R, is arranged between the n™-type
source region 1054 and the cathode contact electrode 110
according the length of the n™-type source projection 1055,
thus preventing the latch-up.

FIG. 9 1s a cross-sectional view taken along line IX-IX'
of FIG. 8, while FIG. 10 1s a cross-sectional view taken
along line X—X' of FIG. 8. As shown in FIG. 9, where there

is an n”-type source projection 105b, the projection 1055 is
formed to directly contact the cathode contact electrode 110.
In this case, the n™-type source projection 1055 may be made
to partly or completely overlap the cathode contact electrode
110, while maintaining a given space from the n™-type
source region 105a.

On the other hand, where there 1s no projection 1055 as
shown 1n FIG. 10, the n™-type source region 1054 does not
directly contact the cathode contact electrode 110. Rather,
the p-type base region 104 contact the cathode electrode 110.

What 1s claimed 1s:

1. An 1nsulated gate bipolar transistor, comprising:

a plurality of base layers of a first conductive type with
upper and lower sides;

a plurality of base regions of a second conductive type
selectively embedded in the upper side of each of the
plurality of base layers;

a plurality of source regions of the first conductive type
selectively embedded 1n the plurality of base regions;

cgate electrode formed over the base layer and the a
plurality of base regions;

an msulating layer formed between the gate electrode and
both the base layer and the plurality of base regions;
and

a first main electrode connected to the source region and
to the plurality of base regions;

wherein the gate electrode 1s formed into an elongated
curved line with concave and convex parts,

wherein each of the plurality of source regions comprises
a primary source region and plurality of projections,
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6

wherein the plurality of primary source regions are
formed on both sides of the gate electrode such that an
intermediate area 1s formed adjacent to the source
regions 1n each of the plurality of base regions and
under the gate electrode, and each of the plurality of
projections extends from outside of the convex parts of
the gate electrode to {ill the intermediate region, and

wherein the first main electrode contacts the plurality of
projections of the source region at areas adjacent the
convex parts of the gate electrode, and contacts the
intermediate region 1n the plurality of base regions at
all other points, thereby preventing latch-up.
2. An msulated gate bipolar transistor as recited i claim
1, further comprising:

an emitter layer of the second conductive type formed
below the lower side of the base layer; and

a second main electrode formed to contact the emitter

layer.

3. An msulated gate bipolar transistor as recited 1n claim
2, further comprising a buffer layer of a first conductive type
formed between the base layer and the emitter layer.

4. An 1nsulated gate bipolar transistor as recited 1n claim
1, wherein the primary source regions disperse a hole current
flowing 1n the lower part of the source regions due to a
curvature of the source regions, thereby preventing latch-up.

5. An 1nsulated gate bipolar transistor as recited in claim
2, wherein the primary source regions serve as the emitter
ballast to prevent latch-up.

6. An msulated gate bipolar transistor as recited 1n claim
5, wherein the ematter ballast increases the potential of the
source regions as the hole current increases 1n the lower part
of the primary source regions, thereby preventing latch-up.

7. An 1nsulated gate bipolar transistor, comprising:

a base layer of a first conductive type, having upper and
lower sides;

a plurality of base regions of a second conductive type
selectively embedded i1n the upper side of the base
layer;

a plurality of source regions of a first conductive type
selectively embedded 1n the plurality of base regions;

a gate electrode formed over the base layer and the
plurality of base regions

an 1nsulating layer formed between the gate electrode and
both the base layer and the plurality of base regions;

a first main electrode connected to the source regions and
base regions; and

wherein the gate electrode 1s formed 1nto an elongated
curved strip with concave, convex, and rectilinear

parts,

wherein each of the plurality of source regions comprises
a primary source region and plurality of projections,

wherein the plurality of primary source regions are
formed on both sides of the gate electrode such that an
intermediate area 1s formed adjacent to the source
regions 1n each of the plurality of base regions and
under the gate electrode, and each of the plurality of
projections extends from outside of the convex parts of
the gate electrode to {ill the intermediate region, and

wherein the first main electrode contacts the plurality of
projections of the source region at areas adjacent the
convex parts of the gate electrode, and contacts the
intermediate region 1n the plurality of base regions at
all other points, thereby preventing latch-up.
8. An 1nsulated gate bipolar transistor as recited in claim
7, further comprising
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an emitter layer of a second conductive type formed on
the lower side of the base layer;

a second main electrode formed to contact the emitter
layer.

9. An msulated gate bipolar transistor as recited 1 claim
8, further comprising a buifer layer of a first conductive type
formed between the base layer and the emitter layer.

10. An insulated gate bipolar transistor as recited 1n claim
7, wherein the primary source regions disperse the hole
current flowing 1n the lower part of the source regions due

3

to a curvature of the primary source regions, thereby pre-
venting latch-up.

11. An 1nsulated gate bipolar transistor as recited 1 claim
8, wherein the primary source regions serve as the emitter
ballast to prevent latch-up.

12. An 1nsulated gate bipolar transistor as recited in claim
11, wherein the emitter ballast increases the potential of the
source regions as the hole current increases 1n the lower part

of the primary source regions, thereby preventing latch-up.
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